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2314974 

METHOD OF MANUFACTURING A COMPLEMENTARY METAL -OXIDE 
SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of 
manufacturing a complementary metal -oxide .semiconductor 
device, and more particularly to a method of manufacturing 
a complementary metal -oxide semiconductor (hereinafter 
simply referred to as "CMOS" device) for a n-channel 
element and a p- channel element respectively having a low 
threshold voltage in a semiconductor device, which is 
convenient to manufacture. 

Description of the Prior Art 

Generally, it is required to provide special 
performances to an integrated circuit due the high 
integration and increased complex functionality of 
semiconductor devices. For this purpose, a CMOS transistor 
having an improved N-type MOS transistor and an improved P- 
type MOS transistor has been developed. The improved N- 
type MOS transistor and P-type MOS transistor have a 
relatively low threshold voltage in regard to a specific 
region in the semiconductor device, and are respectively 
named Low Vt N-type MOS transistor and Low Vt P-type MOS 
transistor. The Low vt N-type MOS transistor and the Low 



vt P-type MOS transistor minimize voltage drop between a 
source and a drain in the MOS transistor. Consequently, 
the characteristic of the semiconductor device employing 
the CMOS transistor is enhanced. 
5 In order to form the Low Vt N-type MOS transistor and 

the Low Vt P-type MOS transistor, however, an additional 
. mask forming process and an additional ion implantation 
— J?rQ-Qess_must .be applied to. a region, of the..Low._v.t. N^-tvpe 
MOS transistor and a region of the Low Vt P-type MOS 
10 transistor, respectively. Consequently, the yield of the 

CMOS transistor is decreased, the manufacturing cost of the 
CMOS transistor is highly increased. 
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SUMMARY OF THE INVENTION 



The present invention is provided to solve the 
foregoing problems. It is an object of the present 
invention to provide a method of manufacturing a CMOS 
device including a Low Vt N-type MOS transistor and a Low 

20 vt P-type MOS transistor by using an ion- implantation 
process, in which a counter doping technique is employed, 
for controlling the threshold voltage, without employing an 
additional mask forming process and an additional ion- 
implantation process for controlling the threshold voltage 

25 during the production of the complementary metal -oxide 

semiconductor device. Accordingly, the above described 
CMOS device is convenient to manufacture, has improved 
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yield, and can be manufactured at a low cost. 

In order to achieve the above object, the present 
invention provides a method of manufacturing a CMOS device, 
including the steps of: 

(51) forming a plurality of field oxide layers for 
defining first to fourth active regions which are 
sequentially positioned at predetermined regions of a 

^semicPadiiC.Lor_subsj:rate;.^ _ .„ . 

(52) forming a screen oxide film on each surface of 
the first to fourth active regions; 

(53) forming a first mask pattern for exposing first 
and second active regions; 

(54) forming a N-type well to a selected depth from 
each surface of the exposed first and second active 
regions; 

(55) forming a N-type ion implanted layer for 
controlling a first threshold voltage right beneath each 
surface of the first and second active regions; 

(56) removing the first mask pattern; 

(57) forming a second mask pattern for exposing the 
third active region; 

(88) forming a P-type well to a selected depth from 
the surface of the exposed third active region; 

(S9) forming a first P-type ion implanted layer for 
controlling a second threshold voltage right beneath the 
surface of the third active region; 

(SIO) removing the second mask pattern; 



(511) forming a third mask pattern for exposing first 
and fourth active regions; 

(512) forming a second P-type ion implanted layer for 
controlling a third threshold voltage right beneath each 
surface of the first and fourth active regions; and 

(513) forming a gate electrode including a gate oxide 
film on the first to fourth active regions. 

Furthermore, in or de^^^^ achieve the above object, _th§ 
present invention provides a method of manufacturing a CMOS 
device, including the steps of: 

(51) forming a plurality of field cxide layers for 
defining first to fourth active regions which are 
sequentially positioned at predetermined regions of a 
semiconductor substrate; 

(52) forming a screen oxide film on each surface of 
the first to fourth active regions; 

•;S3) forming a first mask pattern fcr exposing first 
and second active regions; 

{S4) forming a N-type well to a selected depth from 
each surface of the exposed first and second active 
regions; 

■;S5) forming a first N-type ion implanted layer for 
controlling a first threshold voltage right beneath each 
surface of the first and second active regions; 

•..36} removing the first mask pattern; 

.57} terming a second mask pattern for exposing the 
thirc and fourth active regions; 



{SB) forming a P-type well to a selected depth from 
each surface of the exposed third and fourth active 
regions; 

(S9) forming a P-type ion implanted layer for 
controlling a second threshold voltage right beneath the 
surface of the third and fourth active regions; 

(510) removing the second mask pattern; 

(511) forming a third.mask pattern for exposing second 
and fourth active regions; 

(512) forming a second N-type ion implanted layer for 
controlling a third threshold voltage right beneath each 
surface of the second and fourth active regions; and 

(513) forming a gate electrode including a gate oxide 
film on the first to fourth active regions. 

In addition, in order to achieve the above object, the 
present invention provides a method of Manufacturing a 
complementary metal -oxide semiconductor device, having the 
steps of: 

(51) forming a plurality of field oxide layers for 
defining first to fourth active regions which are 
sequentially positioned at predetermined regions of a 
semiconduccor substrate; 

(52) forming a screen oxide film on each surface of 
the first to fourth active regions; 

(53) forming a first mask pattern for exposing first 
and second active regions; 

(54) forming a N-type well to a selected depth from 



each surface of the exposed first and second active 
regions; 

(55) forming a N-type ion implanted layer for 
controlling a first threshold voltage right beneath each 

5 surface of the first and second active regions; 

(56) removing the first mask pattern; 

(57) forming a second mask pattern for exposing the 
...third. and..f our th active regions; . _ ... . 

(58) forming a P-type well to a selected depth from 
10 each surface of the exposed third and fourth active 

regions; 

(59) forming a first P-cype ion implanted layer for 
controlling a second threshold voltage right beneath the 
surface of -he third and fourth active regions; 

15 (SIO) removing the second mask pattern; 

(511) forming a third mask pattern for exposing first 
and chird active regions; 

(512) forming a second P-type ion implanted layer for 
controlling a third threshold voltage right beneath each 

20 surface of zhe firs" and third active regions; and 

(513) forming a ga-:e electrode including a gate oxide 
film on che firs- "o fourth active regions. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The aoove object and other characteristics and 
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advantages of the present invention will become more 
apparent by describing in detail a preferred embodiment 
thereof with reference to the attached drawings, wherein: 
FIGS. lA to ID are schematic sectional views showing 
5 a manufacturing process of the CMOS device according to a 
preferred first embodiment of the present invention; 

FIG. 2 is a sectional view of a modified CMOS device 
according -to xhe. pref-erped^^fi.rst embodiment of the present 
invention, showing an impurity -buried layer formed in a 
10 semiconductor substrate; 

FIGS. 3A to 3D are schematic sectional views of a 
CMOS device according to a preferred second embodiment of 
the present invention, showing a manufacturing process of 
the CMOS device; and 

FIGs. 4A to 4D are schematic sectional views of a 
CMOS device according to a preferred third embodiment of 
the present invention, showing a manufacturing process of > 
the CMOS device. 
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DETAILED DESCRIPTION OP THE INVENTION 



Hereinafter, the preferred embodiment of the present 
invention will be explained in more detail with reference 
to the accompanying drawings. 

A first embodiment will be described with reference to 
FIGs. lA to ID. 

As shown in FIG. lA, a plurality of field oxide 
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layers 11 are formed at predetermined regions of a P-type 
semiconductor substrate 10. A first to fourth active 
regions are defined by the formation of the plurality of 
field oxides 11, and are named from the right of figures. 
A' screen oxide film 12 is then formed for preventing the P- 
type semiconductor substrate 10 from being damaged by 
subsequent manufacturing steps of the CMOS de3^±Qe. 
Thereafter, an impurity -bur led J.-^ay.er-. (no t- shown may be 
formed in the P-type semiconduc'or substrate 10 at:---3 
predetermined depth. 

Next, a N-well mask pattern 111 for forming a N-well 
is formed on third and fourth active regions at a thickness 
of about 2 to 4A£m. At this time, a desired N-well region 
13 is exposed. After forming the N-well mask pattern 111, 
phosphorus atoms of N-cype impurity, are implanted into the 
P-type semiconductor substrate 10 at an energy of 
7 00KeV-l . 5MeV and at an ion- implantation concentration of 
1x10" to 5xi0-- ions/err . In order to control the threshold 
voltage of the Normal ?-type MOS transistor at the voltage 
of -0.45--0."V, the phosphorus atoms are then implanted 
into the F-type semiccnductoi substrate 10 at an energy of 
180KeV-250KeV and at an ion- impiantaticn concentration of 
5x10-^ to 5xlC-- ions- err. Thereafter, the phosphorus atoms 
are also irr:clanted into the P-type semiconductor substrate 
10 at an energy of :CKeY-80MeV ar.d at an ion- implantation 
concentration cf 2xlG " to BxlO" ions/cm-, whereby first 
impurity layers I4a, 14b are respectively formed at a 
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region of a Normal P-type MOS transistor and a region of a 
Low vt P-type MOS transistor having a low threshold 
voltage. 

After removing the N-type well mask pattern ill, a P- 
type well mask pattern 112 for forming a P-well, is formed 
on the first and second active regions and the fourth 
active region at the thickness of 2-4^011. At this time, a 
— region- of . the Normal N-type MOS= tsansistor- having the 
threshold voltage of 0.45-0.7V is left exposed as shown in 
FIG. IB. In order to form a P-type well 15, boron atoms 
are then implanted into the P-type semiconductor substrate 
10 at an energy of 500KeV-700MeV and at an ion- implantation 
concentration of ixlO-' to 5x10" ions/cm^ After the ion 
implantation for the formation of P-well, a process for 
15 forming a second impurity layer 16 is performed. Boron 
atoms are first implanted into the surface of the P-type 
well 15 at an energy of 7 0-l20KeV and the ion- implantation 
concentration of ixio" to 5xio" ions/cm'. The boron atoms 
are then also implanted into the surface of the P-type well 
20 15 at an energy of lO-50KeV and at an ion- implantation 
concentration of ixio-' to 5x10^^ ions/cmS whereby a second 
impurity layer 16 is formed. 

After removing the P-type well mask pattern 112, an 
impurity mask pattern 113 for forming Low Vt NMOS/PMOS 
25 transistors is formed. The impurity mask pattern 113 
exposes the fourth active region where the N-type MOS 
transistor is to be formed and the first active region 
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where the Low vt P-type MOS transistor is to be formed as 
shown in FIG. IC. Further, the Low vt N-type MOS 
transistor is formed on the fourth active region of the P- 
type semiconductor substrate 10 where the well is not 
formed. Boron atoms are then implanted into the P-type 
semiconductor substrate 10 at an energy of 10*50KeV and at 
an ion- implantation concentration of ixio"^ to 5x10*^ 
...ions /cm:,.. ..whereby third impurity layers... 17.a 3ad_l7b„. are 
formed. At this time, the threshold voltage of the Low Vt 
N-type MOS transistor becomes 0.2 -0.4V. Furthermore, the 
first impurity layer 14b of the first active region where 
the Low Vt ?-type MOS transistor is to be formed, is 
counter -doped with the third impurity layer 17b. As a 
result, the chreshold voltage of the P-type MOS transistor 
becomes - 0 . 2 - - 0 . 4 V . 

Thereafcer, ^he impurity mask pattern 113 is removed. 
Afterwards, a gate oxide 18 and gate electrodes 19a"19d are 
formed. The following process for manufacturing the CMOS 
device is zr.e same as the manufacturing process of the CMOS 
device according zc the prior art:. 

As described above, according to the present 
invention, ir is possible zo produce a MOS transistor 
having a iov; "hreshoid voltage by using the counter doping 
process wichcuc e.Tpioying an additional masking process or 
an addi clonal icn - implantation process. 

Referring to FIG. 2, a plurality of field oxide layers 
21 and a plurality of screen oxide films 22 are formed on 



a semiconductor substrate 20. A first to fourth active 
regions are defined by . the formation of the plurality of 
field oxides 11, and are named from the right of figures. 
A N-type well 22 and a plurality of first impurity layers 
5 23a, 23b are then formed on the semiconductor substrate 20. 
Thereafter, boron atoms are implanted into a lower portion 
of the N-type well 22 at an energy of 1.5-1. 8MeV and the 
_ion-implanta.tioa.,concentration-of lxlO^^-to 5x10^-^ ions/ciftV-- 
whereby an impurity -buried layer 24 is formed in the 
10 semiconductor substrate 20. The impurity -buried layer 24 
is formed to have step difference as shown in this figure 
due to the N-type well mask pattern. That is, the depth of 
the impurity -buried layer which is positioned in the lower 
portion of the N-type well, is greater than the depth of 
15 the impurity -buried layer which is positioned in the lower 

portion of the N-type well mask pattern. The succeeding 
ion- implantation process and the gate electrode forming 
process are the same as the manufacturing process of the 
CMOS device according to conventional methods. 

A second embodiment according to the present 
invention, will be described with reference to FIGs. 3A to 
3D. 

As Shown in FIG. 3A, a plurality of field oxide layers 
31 are formed at predetermined regions of a P-type 
25 semiconductor substrate 30. A first to fourth active 
regions are defined by the formation of the plurality of 
field oxides 31, and are named from the right of figures. 
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A plurality of screen oxide films 32 are then formed for 
preventing the P-type semiconductor substrate 30 from being 
damaged by successive manufacturing steps of the CMOS 
device. -Thereafter, an impurity -buried layer (not shown) 
formed in the P-type semiconductor substrate 30 at 
a predetermined depth. 

Next, a N-type well mask pattern 311 forming a N-well 
is, form,^d.. on. J£he^^XiJCSt_and^ active regions at_ ^a 

thickness of about 2 to At this time, a desired N- 

type well region 3 3 is exposed. After forming the N-type 
well mask pattern 311, phosphorus atoms, which are of a N- 
type impurity, are implanted into the P-type semiconductor 
substrate 30 at an energy of 7 00KeV-l . SMeV and at an ion- 
implantation concentration of IxlQ-^ to 5x10*-* ions/cm^. 
Thereby, a N-type well 3 3 is formed. In order to control 
the threshold voltage of zhe P-type MOS transistor at the 
voltage of -0.1--G.45V, the phosphorus atoms are then 
implanted into the P-cype semiconductor substrate 30 at an 
energy of l30KeV-250iy:eV and at an ion- implantation 
concentration of 5xi0" ::o 2x10'^ ions/cm^. Thereafter, the 
phosphorus acorns are also implanted into the P-type 
semiconductor substrate 3 0 at an energy of 30-80KeV and at 
an ion- implantation concentration of 5x10^^ to 5x10^^ 
ions/cm". Thereby, first impurity layers 34a, 34b are 
respectively lorir.ed at a region of a Normal ?-type MOS 
transistor and a region of a Low Vt P-type MOS transistor. 
After removing the M-type well mask pattern 311, P- 
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type well mask pattern 312 is formed on the total structure 
at the thickness of 2-4//m as shown in FIG. 3B. In order to 
form a P-type well 35, boron atoms are then implanted into 
the P-type semiconductor substrate 10 at an energy of 
500-7 00KeV and at an ion- implantation concentration of 
1x10"' to 5x10-^ ions/cm^. After the ion implantation for 
the formation of P-well, a process for forming impurity 
layers 36a and 36b is performed-.- Boron'-atoms are implanted 
into the surface of the P-type well 35 at an energy of 
70-120KeV and at an ion- implantation concentration of 5x10^^ 
to 2x10"- ions/cm^. The boron ions are also implanted into 
the surface of the P-type well 35 at an energy of 10-30KeV 
and at an ion -implantation concentration of IxiO^^ to 5x10*^ 
ions/cm", whereby second impurity layers 36a and 36b are 
formed. As a result, the threshold voltage of the Normal 
N-type MOS transistor becomes 0.45-0.7V. 

After removing the P-type well mask pattern 312, an 
impurity mask pattern 313 for forming Low Vt NMOS/PMOS 
transistors, is formed. The impurity mask pattern 313 
exposes a region of the Low Vt N-type MOS transistor and a 
region of the Normal P-type MOS transistor, as shown in 
FIG. 3C. Furthermore, the Low Vt N-type MOS transistor is 
formed on the P-type well. Phosphorus atoms are then 
implanted into the P-type semiconductor substrate 30 at an 
energy of 30^80KeV and at an ion- implantation concentration 
of 1x10-^ to 8x10"' ions/cm^, whereby third impurity layers 
37a and 37b are formed. At this time, the threshold 
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voltage of the Normal P-type MOS transistor becomes -0.45~- 
0.7V as the result of accumulation with the threshold 
voltage of the first impurity layer 34a. Moreover, the Low 
Vt N-type MOS transistor is counter -doped with the second 
impurity layer 36b. As a result, the threshold voltage of 
the Low Vt N-type MOS transistor becomes 0.1 -'0.4V. 

Thereafter, the impurity mask pattern 313 is removed. 
Then,-- oxide films 38 and- gate - el-ect'rodes--39a-39d are 
formed, as shown in FIG. 3D. The succeeding process for 
Manufacturing the CMOS device is the same as the 
manufacturing process of the CMOS device according to 
conventional methods. In the same manner as the first 
embodiment according to the present invention, boron ions 
implanted into the P-type semiconductor substrate 30 
at an energy of l.5--2.5MeV and at an ion- implantation 
concentration of 1x10-' to 5x10-^ ions/cm^, whereby an 
impuri ty-bur ied layer is formed. 

A third embodiment according to the present invention 
will be described '.cith reference Co FIGs . 4A to 4D. 

As shown in rIG. 4A, a field oxide layer 41 is formed 
at predetermined regions of a P-type semiconductor 
substrate 40. A first to fourth active regions are defined 
by the formation of che plurality of field oxides 41, and 
are named from cne right of figures. A screen oxide film 42 
is formed for preventing che P-type semiconductor substrate 
40 from being da.maged by successive manufacturing steps of 
che CMOS device. Thereafter, a N-type well mask pattern 
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411 for exposing first and second active regions, is formed 
at a thickness of about 2 to 4//m. At this time, a desired 
N-type well region is exposed. After forming the N-type 
well mask pattern 411, a phosphorus ion, which is a N-type 
impurity, is implanted into the P-type semiconductor 
substrate 40 at the energy of 700KeV-l . 5MeV and the ion- 
implantation concentration of Ixio*^ to 5x10^^ ions/cm^. 
-Thusr-a-N-type-well 43 is formed. After f oXmi-n'g^t^^'^^scfr^en ' 
oxide film 42, an impurity -buried layer d%n be f orm^\ in a 



10 semiconductor substrate at a predetermined depth^in the 
same manner as the second embodiment according to the 
present invention. 

In order to control the threshold voltage of the 
Normal P-type MOS transistor at the voltage of -0. 7-- 0.45V, 

15 the phosphorus atoms are implanted into the P-type 

semiconductor substrate 40 at an energy of 180KeV^250MeV Tx 

and at an ion- implantation concentration of 5x10^^ to 2x10^^ "^.e^-^^i^ 

ions/cm^. Thereafter, the phosphorus atoms are also 

implanted into the P-type semiconductor substrate 40 at an 

20 energy of BO-SOKeV and at an ion- implantation concentration 
of 2x10^^ to 8x10-* ions/cm^. Thus, first impurity layers 
44a, 44b are formed at a region of a Normal P-type MOS 
transistor and a region of a Low Vt P-type MOS transistor. 
After removing the N-type well mask pattern 411, a P- 

25 type well mask pattern 412 for forming a P-well 45, is 

formed on first and second active regions the thickness of 
2-4/mi as shown in FIG. 4B. Then, boron atoms are 
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implanted into the P-type semiconductor substrate 4 0 at an 
energy of 500KeV-7 00MeV and at an ion- implantation 
concentration of ixiO'^ to 5x10-^ ions/cm^ Thereafter, 
boron atoms are implanted into the surface of the P-type 
well 45 at an energy of 70-120KeV and at an ion- 
implantation concentration of 5x10^^ to 2xio^^ ions/cm*. The 
boron atoms are then also implanted into the surface of the 
?- type ...well.. 4 5..,.at- an -energy of 10-30KeV arid' at. an don 
implantation concentration of 2x10^- to 3x10^^ ions/cmS 
whereby a plurality of second impurity layers 46a and 46b 
are formed. As a result, the threshold voltage of the Low 
Vt N-type MOS transistor becomes 0.1-0.4V. 

After removing the P-type well mask pattern 412, an 
impurity mask paccern 413 is formed such that a region of 
Low Vt P-type MOS transistor and a region of Normal N-type 
MOS transistor are respectively exposed as shown in FIG. 
4C. Boron atcrr.s are then implanted into the P-type 
semiconductor subscrace 40 ac an energy of 10-30KeV and at 
an ion- implantarion concencration of IxlO*^ to 5x10^^ 
ions/cm% whereby rhird impurity layers 47a and 47b are 
formed. At this ri-ie, che threshold voltage of the normal 
IT- type MOS trans is cor becomes 0.45~0.7V as the result of 
adding up. 

^hau of the seccnd iiupurity layer 46a. Furthermore, the 
?-type MOS transistor having a low threshold voltage is 
-ounter -doped with the first impurity layer 46b. As a 
result, the threshold voltage of the P-type MOS transistor 



becomes - 0 . 1 - 0 . 4 V . 

Thereafter, the impurity mask pattern 413 is removed. 
A gate oxide 48 and gate electrodes 49a~49d are then 
formed, as shown in FIG. 4D. The succeeding process for 
manufacturing the CMOS device is the same as the 
manufacturing process of the CMOS device according to 
conventional methods. In the same manner as the second 
^embodiment acGording^-tG-the-present invention, an impurity-- 
buried layer can be formed. 

As described above, according to the present 
invention, it is possible to produce a CMOS device 
including the N-type MOS transistor having a low threshold 
voltage and the P-type MOS transistor by using one ion- 
implantation process. Therefore, it is unnecessary to 
perform an additional mask forming process and ah 
additional ion- implantation processes for controlling the 
threshold voltage during the production of the CMOS 
transistor. Consequently, the yield of the CMOS transistor 
is increased, and the manufacturing cost of the CMOS 
transistor is reduced. 

While the present invention has been particularly 
shown and described with reference to a particular 
embodiment thereof, it will be understood by those skilled 
in the art that various changes in form and detail may be 
effected therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 



17 



What is claimed is: 



1. A method of manufacturing a complementary metal - 
oxide semiconductor device, comprising the steps of: 

(51) forming a plurality of field oxide layers for 
defining first, second, third and fourth active regions 
which are sequentially positioned at predetermined regions 
of a- semiconductor substr^ate;- - - - . 

(52) forming a screen oxide film on each surface of 
the first, second, third, and fourth active regions; 

(53) forming a first mask pattern for exposing first 
and second active regions; 

(54) forming a N-cype well to a selected depth from 
each surface of the exposed first and second active 
regions; 

{S5) forming a N-type ion implanted layer for 
controlling a firsr -hreshold voltage right beneath each 
surface of zhe firsc and second active regions; 

(56) removing zhe first mask pattern; 

(57) forming a second mask pattern for exposing the 
"hird active regicr. : 

(58) forming a ?-type well to a selected depth from 
"he surface of the exposed third active region; 

•;S9) forming a first ?-type ion implanted layer for 
"onzrolling a seccnd threshold voltage right beneath the 
surface of zhe chird active region; 

;S10/ removing zhe second m.ask pattern; 
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(511) forming a third mask pattern for exposing the 
first and fourth active regions; 

(512) forming a second P-type ion implanted layer for 
controlling a third threshold voltage right beneath each 
surface of the first and fourth active regions; and 

(513) forming a gate electrode including a gate oxide 
film on the first, second, third, and fourth active 
regions. ^ - ..... . 

2. The method as claimed in claim l, further 
comprising the step of forming an impurity -buried layer at 
a predetermined depth of said semiconductor substrate by 
using the ion- implantation process, following the screen 
oxide film forming step (S2) . 

3. The method as claimed in claim 1, further 
comprising the step of forming an impurity -buried layer at 
a predetermined depth of said semiconductor substrate by 
using the ion- implantation process, following the step (S5) 
of forming a N-type ion implanted layer for controlling a 
first threshold voltage. 

4. The method as claimed in claim 3, wherein said 
impurity -buried layer is formed by implanting boron atoms 
into said semiconductor substrate at an energy of 1.5-1.8 
MeV and at an ion- implantation concentration of ixio'^ to 
5x10-" ions/cm^. 



5. The method as claimed in claim 1, wherein said 
first mask pattern has a thickness of 2 to 4^^. 

6. The method as claimed in claim 1, wherein said N- 
5 type well is formed by implanting phosphorus atoms into 

said semiconductor substrate at an energy of 700KeV to 1. 
5MeV and at an ion- implantation concentration of IxiO"^ to 

.... ...5x10-1 ions/cm". . > ... 

10 7. The method as claimed in claim 1, wherein the 

step (S5) forming a N-type ion implanted layer for 
controlling a firsc threshold voltage comprises the steps 
of: 

implanting phosphorus atoms into the surface of said 
15 semiconductor substrate at an energy of 180 to 250KeV and 

at an ion - implant:aticn concentration of 5x10^^ to 5x10"^ 
ions/cm^; and 

implanting phosphorus atoms into the surface of said 
semiconductor subscrace in at an energy of 30 to 80KeV and 
20 at an ion- implantation concentration of 2x10" to 8x10''^ 

ions/ cm- . 

8. The method as claimed in claim 1, wherein said P- 
type well is formed by implanting boron atoms into said 
25 semiconductor substrate at an energy of 500 to 7 00KeV and 

at an ion- implantation concentration of 1x10"" to 5x10-* 
ions . cm" . 
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9. The method as claimed in claim 1, wherein the 
step(S9) of forming a first P-type ion implanted layer for 
controlling a second threshold voltage comprises the steps 
of: 

implanting boron atoms into the surface of said 
semiconductor substrate at an energy of 70 to 120KeV and at 
an ion- implantation concentration of 5x10^^ to 2x10*^ 
ions/cm^.^-and - -^ , ........ .... 

implanting boron atoms into the surface of said 
semiconductor substrate at an energy of 10 to 30KeV and at 
an ion- implantation concentration of ixlQ-^ to 5x10^^ 
ions/cm^. 



10. The method as claimed in claim 1, wherein the 
step (S12) forming a second P-type ion implanted layer for 
controlling a third threshold voltage comprises the step of 
implanting boron atoms into the Low Vt N-type MOS 
transistor region and the Low vt P-type MOS transistor 
region at an energy of 10 to 50KeV and at an ion- 
implantation concentration of ixio'^ to 5x10" ions/cm^ 



11. A method of manufacturing a complementary metal - 
oxide semiconductor device, comprising the steps of: 

(SI) forming a plurality of field oxide layers for 
defining first to fourth active regions which are 
sequentially positioned at predetermined regions of a 
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semiconductor substrate; 

(52) forming a screen oxide film on each surface of 
the first, second, third and fourth active regions; 

(53) forming a first mask pattern for exposing first 
and second active regions; 

(34) forming a N-type well to a selected depth from 
each surface of the exposed first and second active 
regions; - — ... . 

(55) forming a first N-type ion implanted layer for 
controlling a first threshold voltage right beneath each 
surface of the first and second active regions; 

(56) removing the first mask pattern; 

(57) forming a second mask pattern for exposing the 
third and fourth active regions; 

(SB) forming a ?-cype well to a selected depth from 
each surface of che exposed third and fourth active 
regions; 

(S9) forming a ?-type ion implanted layer for 
controlling a second threshold voltage right beneath the 
surface of the third and fourth active regions; 

(510) removing zhe second mask pattern; 

(511) forming a chird mask pattern for exposing second 
and fourth accive regions; 

(512) forming a second N-type ion implanted layer for 
controlling a chird threshold volcage right beneath each 
surface of zr.e second and fourth active regions; and 

;S13: forming a gaze electrode including a gate oxide 



film on the first, second, third and fourth active regions. 

12. The method as claimed in claim 11, further 
comprising the step of forming an impurity -buried layer at 
a predetermined depth of said semiconductor substrate by 
using the ion- implantation process, following the screen 
oxide forming step (52) . 

13. The method as claimed in claim 11, further 
comprising the step of forming an impurity -buried layer at 
a predetermined depth of said semiconductor substrate by 
using the ion- implantation process, following the step (SB) 
of forming a N-type ion implanted, layer for controlling a 
first threshold voltage. 

14. The method as claimed in claim 13, wherein said 
impurity -bur led layer is formed by implanting boron atoms 
into said semiconductor substrate at an energy of 
1.5*2.5MeV and at an ion- implantation concentration of 
1x10'^ to 5x10'^ ions/cm^ 

15. The method as claimed in claim 11, wherein said 
first mask pattern has a thickness of 2 to 

16. The method as claimed in claim 11, wherein said 
N-type well is formed by implanting phosphorus atoms into 
said semiconductor substrate in at an energy of VOOKeV to 
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1 . 5MeV and at an ion- implantation concentration of ixio^^ to 
5x10^^ ions/cm^. 

17. The method as claimed in claim 11, wherein the 
5 step (S5) forming a N-type ion implanted layer for 

controlling a first threshold voltage comprises the steps 
of: 

implancing phosphorus atoms. into the surface of said 
semiconductcr substrate at an energy of 180 to 250KeV and 
10 at an ion-iu\plantation concentration of 5x10*^ to 2x10^^ 

ions/cm^; and 

implanzing phosphorus atoms into the surface of said 
semiconductor substrate at an energy of 3 0 to SOKeV and at 
an ion- implantation concentration of 5x10"^ to 5x10*^ 
15 ions/cm'. 

13. Tr.e method as claimed in claim 11, wherein said 
P-type well is formed by implanting boron atoms into said 
semiccnducrcr substrace at an energy of 500 to 700KeV and 
20 the ion- ir.clantarzion concentration of IxlO*^ to 5x10*^ 

ions/cm^ . 

19. 7:-.e method as claimed in claim 11, wherein the 
step (S5) c: forming a firsc ?-type ion implanted layer for 
25 controlling a second threshold voltage comprises the steps 

of : 

iriplar.ring boron acorns into the surface of said 
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semiconductor substrate at an energy of 7 0 to 120KeV and at 
an ion- implantation concentration of 5x10^^ to 2x10^^ 
ions/cm^; and 

implanting boron atoms into the surface of said 
semiconductor substrate at an energy of 10 to 30KeV and at 
an ion- implantation concentration of ixlO^^ to 5x10*^ 
ions/cm^ . 

20. The method as claimed in claim 11, wherein the 
step(S12) forming a second P-type ion implanted layer for 
controlling a third threshold voltage comprises the step of 
implanting boron atoms into the Low vt N-type MOS 
transistor region and the Low Vt P-type MOS transistor 
region at an energy of 30 to 80KeV and at an ion- 
implantation concentration of 1x10^^ to 8x10^^ ions/cm^. 

21. The method of Manufacturing a complementary 
metal -oxide semiconductor device, comprising the steps of: 

(51) forming a plurality of field oxide layers for 
defining first, second, third, and fourth active regions 
which are sequentially positioned at predetermined regions 
of a semiconductor substrate; 

(52) forming a screen oxide film on each surface of 
the first to fourth active regions; 

(53) forming a first mask pattern for exposing first 
and second active regions; 

(54) forming a N-type well to a selected depth from 



each surface of the exposed first and second active 
regions; 

{S5) forming a N-type ion implanted layer for 
controlling a first threshold voltage right beneath each 
5 surface of the first and second active regions; 

(56) removing the first mask pattern; 

(57) forming a second mask pattern for exposing the 
third and fourth active regions; 

(58) forming a P-type well to a selected depth from 
10 each surface of the exposed third and fourth active 

regions; 

(39) forming a first P-type ion implanted layer for 
controlling a second threshold voltage right beneath the 
surface of the third and fourth active regions; 
15 (SIO) removing the second mask pattern; 

(511) forming a third mask pattern for exposing first 
and rhird active regions; 

(512) forming a second P-type ion implanted layer for 
controlling a third threshold voltage right beneath each 

20 surface of zhe first and third active regions; and 

(513) forming a gate electrode including a gate oxide 
film on the first, second, third and fourth active regions. 

22. The method as clained in claim 21, further 
25 comprising the step of forming an impurity -buried layer on 

said semiccnductor substrate by using the ion- implantation 
process, following the screen cxide forming step (52) . 
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23. The method as claimed in claim 21, further 
comprising the step of forming an impurity -buried layer at 
a predetermined depth of said semiconductor substrate by 
using the ion- implantation process, following the step (35) 
of forming a N-type ion implanted layer for controlling a 
first threshold voltage. 

24. The-method as claimed in claim 23, wherein said" 
impurity -buried layer is formed by implanting boron atoms 
into said semiconductor substrate at an energy of 1,5-2.5 
MeV and at an ion- implantation concentration of ixio^^ to 
5x10" ions/cm^. 

25. The method as claimed in claim 21, wherein said 
first mask pattern has a thickness of 2 to 4/iin. 

26. The method as claimed in claim 1, wherein said N- 
type well is formed by implanting phosphorus atoms into 
said semiconductor substrate at an energy of 700KeV to 1. 
5MeV and at an ion- implantation concentration of ixio" to 
5x10"' ions/cm*^. 

27. The method as claimed in claim 21, wherein the 
step(S5) forming a N-type ion implanted layer for 
controlling a first threshold voltage comprises the steps 
of: 

implanting phosphorus atoms into the surface of said 



semiconductor substrate at an energy of 180 tol 250KeV and 
at an ion- implantation concentration of 5x10^^ to 2xl0" 
ions/cm^; and 

implanting phosphorus atoms into the surface of said 
5 semiconductor substrate in at an energy of 30 to SOKeV and 
at an ion- implantation concentration of 2x10^^ to 8x10^^ 
ions/cm^ . 



28. The method as claimed in claim 21, wherein said 
10 P-type well is formed by implanting boron atoms into said 

semiconductor substrate in the step (S8) of forming a P- 
type well at an energy of 500 to 700KeV and an ion- 
implantation concentration of 1x10^^ to 5x10*^ ions/cm/. 

15 29. The method as claimed in claim 21, wherein the 

step {S9) of forming a first ?-type ion implanted layer for 
controlling a second threshold voltage comprises the steps 
of : 

implanting boron atoms into the surface of said 
20 semiconductor substrate at an energy of 7 0 to 120KeV and at 

an ion- implantation concentration of 5x10^^ to 2x10^^ 
ions cm-; and 

implanting boron acoms into the surface of said 
semiconductor subset ace ac an energy of 10 to 3 0KeV and at 
25 an ion- implantation concentration of 2x10"- to 3x10^^ 

ions cm". 
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30. The method as claimed in claim 21, wherein the 
step (S12) forming a second P-type ion implanted layer for 
controlling a third threshold voltage comprises the step of 
implanting boron atoms into the Low Vt N-type MOS 
transistor region and the Low Vt P-type MOS transistor 
region at an energy of 10 to 30KeV and at an ion- 
implantation concentration of ixlO^^ to 5x10^^ ions/cm^. 
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